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ABSTRACT 

Compact Steep Spectrum (CSS) and Gigahertz Peaked Spectrum (GPS) sources are classes of 
compact, powerful, extragalactic objects. These sources are thought to be the earliest stages 
in the evolution of radio galaxies, capturing the ignition (or, in some cases, re-ignition) of 
the AGN. As well as serving as probes of the early stages of large-scale radio sources, these 
sources are good, stable, amplitude calibrators for radio telescopes. We present an unbiased 
flux density limited (> 1.5 Jy at 2.7 GHz) catalogue of these objects in the Southern Hemi- 
sphere, including tabulated data, radio spectra, and where available, optical images and mea- 
surements. The catalogue contains 26 sources, consisting of 2 new candidate and 15 known 
CSS sources, and 9 known GPS sources. We present new Australia Telescope Compact Array 
(ATCA) data on ten of these 26 sources, and data on a further 42 sources which were excluded 
from our final sample. This bright sample will serve as a reference sample for comparison with 
subsequent faint (mJy level) samples of CSS and GPS candidates currently being compiled. 



Keywords: catalogues - 
ies. 



■ galaxies: active — galaxies: evolution — radio continuum: galax- 



1 INTRODUCTION 

Gigahertz Peaked Spectrum (GPS) and Compact Steep Spectrum 
(CSS) Sources are strong, compact radio sources named for the 
shape of their radio spectra. CSS sources have a steep {a ^ — O.sfl 
power-law spectrum which continues to 1 GHz or below, while 
GPS sources reach a peak flux density at a frequency around 1 
GHz. Approximately 10% and 30% of bright centimetre wave- 
length radio sources are GPS or CSS objects respectively dO'Ded 
Il998l) . Catalogued C SS and GP S sources have similar radio pow- 
ers, L?»10^^ WHz~^ ( lFantieta l^l990; O'Dea 1998; Fanti 2009i), 
have low fractional polarization (IO'Deall998l) . and neither class ex- 
hibits strong variability (^10% over a year) in general. However, 
GPS sources, part icularly GPS quasars, tend to be more variable 
than CSS sources l lSnellenll2009l) . 

CSS and GPS sources are generally unresolved in low 
resolution imaging, as GPS sources are typically < 1 k pc, and 
CSS s ources are one to several tens of kpc in size dO'Deal 
1 19981 : ISnellen et al.l Il998h . High resolution radio imaging re- 
veals structures similar to Fanaroff-Riley Type I and II galaxies 
jFanaroff & Rilevlll974l) . such as lobes or jets on either side of a 
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^ We define a as S <x i'" , where S is flux density and Vo is the observer's 
frame frequency. We use Vo for the frequency in the observer's frame and 
Vr to denote rest frame frequency throughout this paper. 



compact core (the core itself may not be detected), and sources with 
asymmetrical emissio n, which are attributed to relativistic beaming 
jTzioumis et al.ll2002h . 

The turnover in GPS spectra (and, at lower frequencies, CSS 
spectra) is thought to be caused by synchrot ron self absor ption, al- 
though free-free absorption may play a role (lFantill2009ab . 

Because of their small sizes, and spectra, CSS and GPS 
sources are widely thought to represent the start of the evolu- 
tionary path to large-scale radio sources (IPolatidis & Conw"avl 
12003; Tinti & De Zotti 2006; Fanti 2009%). In thi s mode l GPS 
sources expand and evolve into CSS source s dO'Deal Il998t 
[Snellen et alj I I998I ; iMarecki, Spencer & KunertI [2003h . which in 
turn expand and evolve into t he largest radio sourc es, FRI/II galax- 
ies franaroff & RilevI 1 1974 ISnellen et al] Il999l) . An alternative 
model is that rather than being young, they may be "fmstrated", 
their small size being caused by a dense mediu m which confines 
the lobes jO'Dea. Baum & Stanghellinil Il99ll) , and their steep 
spectrum being caused by ageing electrons. Further. Ipantil (l2009bh 
has suggested that some CSS or GPS sources are prematurely 
dying radio sources in which the energy supply has ceased, leaving 
only diffuse emission and a steep spectrum core. 

These sources are an ideal resource for investigation of 
galaxy evolution and formation, as well as AGN feedback, given 
that the "youth" scenario seems highly plausible. Not only may 
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they be young AGN but they also have star formation occur- 
ring due to interactions and mergers (IO'Dealll998l: iLabiano et alj 
l2008l : iMorganti et alJlioO^ . In addition bright CSS sources are 
invaluable as flux calibrators for current and next-generation 
radio-telescopes, su ch as the A ustralian Square Kilometre Array 
Pathfinder (ASKAP: [jo"hnston et al. 2007). 

Although CSS and GPS sources are relatively common in ra- 
dio surveys of strong sources, there are few complete samples, 
making it difficult to characterise the statistical properties of the 
population as a whole. In this paper we compile an unbiased flux 
density limited sample (> 1.5Jy at i/o = 2.7 GHz) of bright 
CSS/GPS sources and in a subsequent paper we will compile a 
sample extending to much fainter flux densities. 

We discuss the selection of the bright CSS and GPS candidates 
in Section|2l and details of new observations made using the ATCA 
are listed in Section|3] The resultant catalogue is presented and ex- 
plored in Section |4] and the analysis of our results is discussed in 
Section|5] Our conclusions are presented in Section|6] Throughout 
this analysis, we use the cosmological parameters, Q.m ~ 0.27, 
Qa = 0.73 and Ho — 71 kms^^Mpc^^. All frequencies and lu- 
minosities are in the observer's frame, indicated by i/o unless oth- 
erwise stated. 



2 CANDIDATE SELECTION 

Our selection process is aimed at constructing a uniform sample 
of CSS sources. We note that the selection of GPS candidates 
is inherently difficult, and requires data over a broad wavelength 
range. Contamination from variable objects (such as quasars) can 
prod uce spectra which m ay be falsely identified as GPS sources 
(e.g.. lHancock et ai]|2009l) . We did not specifically search for GPS 
sources and the sources catalogued here as GPS sources were found 
as a by-product of the CSS candidate search. All are previously 
known GPS sources. This study will be missing sources with spec- 
tral peaks at higher frequencies than our selection frequency or 
which are otherwise excluded by our CSS selection criteria. 



2.1 Initial selection criteria 

In Table [T] we list the criteria used to select candidates, and also 
summarize the number of sources remaining after each selection 
criterion was applied. The initial selection criteria are above the 
horizontal line, whilst the secondary selection criteria are below 
this line. Ou r selection begins with the Parke s 1990 Catalogue 
(PKSCAT90; 'Wright and Otrupcek (Eds)" 1990^ which is a com- 
plete catalogue at 2.7 GHz( Bolton, Savage & Wright 1979), cover- 
ing the frequency range 80 MHz to 22 GHz, containing 8264 radio 
sources. 



2.1.1 Selection criteria 1-4: Bright radio sources 

From PKSCAT90, we used the first four selection criteria (Table[T) 
to select bright southern radio sources (outside the Galactic plane), 
with multiple flux density measurements. Of the 8264 sources from 
PKSCAT90, 218 remained after these four steps. 



2.1.2 Selection criterion 5: Steep radio spectra 

We applied a steep spectral index cut to the 218 sources, using the 
spectral index between 2.7 and 5 GHz, of al.? < —0.5. This is 
analogous to those used to select candidates from other surveys 
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Figure 1. Largest Angular Size (LAS) versus redshift for our sample of 26, 
with LAS references siven in Tabled] 



( IO'Dea|[l998l . and references therein), and selected 115 sources. 
Two previous CSS cand idates, J1424-4913 and 12206-1835 
tedwards & Tingavlll994 . do not appear as initial candidates as 
both have a spectral index a| 7 > —0.5. 



2.1.3 Selection criterion 6: Compact sources 

To ensure that the remaining 115 steep spectrum sources are com- 
pact, we placed a Largest Angular Size (LAS) limit of < 30" on 
our candidates using angular size measure ments from the Sydney 
University Molong lo Sky Survey (SUMSS dSock. Large & Sadleil 
iMauch et alj[2003i) or the NRAO VLA Sky Survey (NVSS; 



199^: 



Condon et al .Il998h . NVSS covers the sky down to a declination of 
S = -40° and SUMSS extends from a declination of 5 = -90° to 
5 = -30°. 

If the source had neither a catalogued SUMSS or NVSS 
source within 30" of the PKSCAT90 radio position, we first 
checked the accuracy of the radio position (as the PKSCAT90 radio 
positions have large uncertainties, < 20") by using the SUMSS and 
or NVSS image postage stamp servers to confirm the location of the 
source. These images were also used to check whether the source 
was extended. If it was extended, or resolved (i.e. a radio double or 
triple source, or a complex source), the source was removed from 
the list of candidates. Neither SUMSS nor NVSS give flux den- 
sity measurements for very extended or complex radio sources. We 
used NED to confirm the radio position of these non-SUMSS or 
NVSS sources, and we were able to remove 24 non-matches by 
checking the available radio images and references confirming that 
these sources were extendecQ. 



2 'Schilizzi & McAdam' ^1975^; 'Slee & Higgins" fl977 
[Christiansen et al. ( 1977); Smith & Robertson ( 1985); Duncan & Spro^ 
1 1992); Jones & McAdam 1 1992); Morganti et al. ( 199^ 
INeff. Roberts & Hutchings. U995); .Kuchar & Clark 11997,) ; iKapahi etafl 
1998l);lReid. Kronberg & Pe^le^^ jl999h;lBarbon et al.Nl999h;lHealev et all 
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Table 1. Summary of sources remaining after each initial and secondary selection criterion was applied 



3 



Criterion Number 


Selection Criterion 


Sources Remaining 





PKSCAT90 


8264 


1 


Four flux density measurements in PKSCAT90, each at a different frequency. 


2958 




1111a gives LlllCC IWU L/iJllll SUCLllttl lllUCA lllCaA LI1CI11C11L& Udlllg dLIJdUCIIL llCULlCllV^lCa 




2 


A flux density 52.7 > 1.5 Jy at Uo = 2.7GHz 


373 


3 


5 < 0° ,as most possible CSS or GPS sources in the North are already catalogued 


252 


4 


\b\ > 10°, to avoid confusing galactic plane sources 


218 


5 


o| y < —0.5, selection spectral index used to select CSS and GPS sources 


115 


6 


LAS< 30" in NVSS/SUMSS 


77 


7 


Has a flux density measured in the PMN Surveys 


76 


g 


Steep across spectrum (ctfit < —0.5) 


62 




(> 0.03 scatter in iTns of fit) and not flat-spectrum, a Hll region, or SNR 




9 


AT20G catalogue extended tag (LAS< 10") 


41 


10a 


ATCAL (flux emission on scales < 8") 


35 


10b 


LAS in hterature (< 8") 


35 


11 


Physical Size Cut of 20 kpc 


26 



Table 2. Summary of Surveys or Catalogue data for the final 

SAMPLE 



Survey/Catalogue 


Frequency 


Number 


Reference 




Uo , GHz 


of Sources 




PKSCAT90 1990 


0.08, 0.178, 0.635, 


26 


1 




1.4, 2.7,5,8.4, 22 






PMN 


4.85 


26 


2 


MRC 


0.408 


26 


3 


Culgoora 


0.08, 0.160 


14 


4 


SUMSS 


0.843 


15 


5,6 


NVSS 


1.4 


15 


7 


VLSS 


0.074 


12 


8 


Texas 


0.365 


13 


9 


AT20G 


20 


26 


10, 11 



REFERENCES.- (1) Wright & Otrupcek 1990, (2) Griffith & Wright 1993, 
(3) Large et al. 1981, (4) Slee & Higgins 1973, 1975, 1977, (5) Bock et al. 
1999, (6) Mauch et al. 2003, (7) Condon et al. 1998, (8) Cohen et al. 2007, 
(9) Douglas et al. 1996, (10) Massardi et al. 2008, (1 1) Murphy et al. 2010. 



2.1.4 Selection criterion 7: PMN Positions and flux density 
measurements 

As a final step, each source was checked to see if there was a PMN 
( [Griffith & Wri ght 1993) flux density and position, as the PMN 
survey has more robust flux densities and radio positions than the 
original PKSCAT90 measurements. One source was removed as 
it lacked a PMN counterpart, leaving an initial 76 candidate CSS 
sources. 



2.2.1 Selection Criterion 8: Steep Spectra 

We fitted a least-squares power-law to the overall radio spectrum 
for each source, at the frequencies we had measured flux densities 
for. We define a fa to be the resultant overall spectral index from 
this fit. For a source to remain as a candidate, it needed to satisfy 
a further two requirements. First, it must have afu < —0.5 and 
second, the sum of the residuals of the power-law fit (in logarith- 
mic units) divided by the number of data points must be less than 
0.03, to ensure little scatter in the overall radio spectrum, and to 
minimize the chances of selecting variable sources. For GPS can- 
didates, those sources which displayed a classical spectral turnover 
in their radio spectrum, the a/it < —0.5 criterion needed to be sat- 
isfied above the spectral peak, and a quadratic fit was performed to 
ensure the sum of the residuals divided by the number of points was 
less than 0.03 for the available radio spectrum. Fourteen sources 
were removed at this point, leaving 62 candidates, consisting of 50 
CSS and 12 GPS sources. We note that 11 of these GPS sources 
found as a by-product of the CSS source selection are known and 
confirmed GPS sources. The previously unknown GPS candidate 
was later removed (i! l2.2.4t . 

2.2.2 Selection Criterion 9: AT20G catalogue extended tag 

The AT20G catalogue jMurphv et al.l2010h lists an extended tag for 
each source, which was used to eliminate any that were not com- 
pact. The AT20G survey has a resolution of 10", and only sources 
which were unresolved at this level were kept, resulting in a list of 
41 candidates. 



2.2 Secondary Selection 

To construct a reliable radio spectrum the flux density informa- 
tion from PKSCAT90 and PMN was augmented with data from 
the catalogues or surveys listed in Table |2] The flux density data 
for each source ranges from 408 MHz up to 20 GHz. For 18 of the 
26 sources this range extends down to 74 or 80 MHz, and this is 
reflected in our catalogue. Of the 76 CSS candidate sources, 55 
have radio data from recent radio observations, described in Sec- 
tion|3] These data were also included in the spectra for the individ- 
ual sources. 



2.2.3 Selection Criteria 10a,h: Angular Size 

The data from these 41 objects were further investigated using the 
Australia Telescope Calibrator Catalogue (ATCAL jf| and published 
LAS information, to confirm our sources are compact. Six sources 
had an LAS> 8" at 1.4 or 5 GHz (using a 6 km baseline) and were 
resolved at this frequency, and higher frequencies, despite the cri- 
terion imposed to have an angular size of < 10" from the AT20G. 
This suggests these sources do have extended emission not detected 

^ http ://w w w. narrabri.atnf.csiro.au/calibrators/ 
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Table 3. Comparison OF selection criteria and sample forO'Dea's sample and our sample 



O'Dea Sample 



This Paper 



Selection Frequency 
Flux Limit 
Power Cut 
Spectral Index Cut 

Physical or Angular Size Cut 
Peak Frequency Cut 
Number of Sources 
Number of objects in common 
Number not selected by our criteria 
Number of QSOs 
Number of Galaxies 



^2.7 < 

a < - 



Uo = 178 MHz &.Uo = 2.7GHz (CSS sources), Uo = 5 GHz (GPS Sources) 
•^'i'o=l78 MHz > 10 Jy (CSS sources), S^^^s cHz > 1 Jy (GPS sources) 
> 1026-75 WHz-i at Uo = 178 MHz (CSS sources) 
^'^ ^ -0.5 for CSS sources selected at Uo = 2.7 GHz 
-0.5 above the spectral peak for GPS sources 

> 20kpc (CSS sources) 
Between 0.4 and 6 GHz (GPS sources) 
67 (34 CSS, 33 GPS) 



19 CSS, 14 GPS 
14 CSS, 19 GPS 



lyo = 2.7GHz 
S„„^2.TGHz > l-5Jy 
N/A 
a| 7 < -0.5 

8", then 20kpc 
N/A 

26 (17 CSS, 9 GPS) 
8 

N/A 
6 CSS, 2 GPS 
1 1 CSS, 7 GPS 



Notes.- All frequencies are in the observer's frame. 



by AT20G, which primarily picks up core-domina ted emission 
from AGN jMassardi et al.l2008tlMurphv et al.l2oTol) . We note that 
these objects with extended radio emission may still be CSS or GPS 
objects, but have undergone a re-ignition of the radio AGN. The 
core of an AGN is detected at high frequencies (>20GHz), and if 
the AGN has restarted we would detect the core wi thin an area of 
more diffuse radio emission on larger scales. iHancock et al.l ( l201(ll) 
found several objects where it appears the AGN has restarted and is 
undergoing a second period of activity, and the previous generation 
of activity is detected at lower radio frequencies. 

The six sources identified as extended from the ATCAL and 
other published data were removed from our list. The remainder 
of our objects had flux on scales < 8" at 1.4 and 5 GHz and were 
considered to be compact, resulting in a list of 35 sources. 



2.2.4 Selection Criterion 11: Physical Size 

To confirm that the radio emission resides entirely within the op- 
tical host galaxy, we applied a physical size cut of 20kpc as a 
final criterion. All except one of the 35 objects remaining had a 
published redshift, and this criterion ensured the removal of any 
sources with radio emission outside the host galaxy. The object 
without a redshift (the previously unknown GPS source) was re- 
moved at this point, as we cannot ensure it satisfies criterion 11. 
Out of these 34 sources, eight sources had a physical size scale> 
20 kpc, and were thus removed from our sample. Our final sample 
consists of 26 sources, comprising 17 CSS candidates and sources 
and 9 GPS sources. LAS is shown as a function of redshift in Fig- 
ure [T] together with the 15 kpc and 20 kpc linear size limits given 
by O'Dea, for the final 26 sources. The LAS data is presented in 
TableH 



2.2.5 Comparison of Selection Criteria 

In Ta ble [3] we show a summary of the selection criteria used by 
lO'D ea ( 1998) compared to the selection criteria for our sample. In 
order to keep our selection criteria uniform, we imposed an angular 
size limit (30" initially, and 8" for the final selection, see Table[T) 
rather than a physical size limit as used by O'Dea, as redshifts were 
not available for all 76 sources a priori. We also note that the O'Dea 
sample is selected in a more heterogeneous manner, from different 
catalogues available at the time of publication, for CSS and GPS 
sources separately (as noted in Table |3)- 



Table 4. Summary of Largest Angular Size Information for 

ALL SOURCES 



Source 


LAS 


T7 . 

Irequency 


Keierence 




(arcsec) 


(GHz) 




PKS J0024-4202 


<1.8 


9 


1 


PKS J0025-2602 


<0.68 


2.3 


2 


PKS JO 116-2052 


0.7 


15 


3 


PKS J0203-4349 


1.5 


5 


4 


PKS J0240-2309 


1.018 


5 


5 


PKS J0252-7104 


<0.24 


2.3 


2 


PKS J0420-6223 


<2.1 


5 


4 


PKS J0616-3456 


<1.8 


5 


4 


PKS J0943-0819 


0.05 


5 


5 


PKS Jl 154-3505 


<0.17 


2.3 


2 


PKS J1218-4600 


<1.9 


5 


4 


PKS J1223-4235 


<2.1 


5 


4 


PKS J1248- 1959 


0.5 


5 


5 


PKS J1308-0950 


<0.46 


2.3 


2 


PKS J1311-2216 


1.1 


5 


1 


PKS J1323-4452 


<2 


5 


4 


PKS J1526- 1351 


0.4 


0.61 


6 


PKS J1744-5144 


0.052 


2.3 


7 


PKS J1818-5158 


2.7 


5 


4 


PKS J1819-6345 


<0.41 


2.3 


2 


PKS J 1830- 3602 


<1.5 


5 


4 


PKS J1939-6342 


<0.07 


2.3 


2 


PKS J1957-4222 


2 


5 


4 


PKS J201 1-0644 


0.03 


5 


5 


PKS J2137-2042 


0.25 


2.3 


2 


PKS J2152-2828 


<2 


5 


1 



Notes.- All frequencies are in the observer's frame. 
References.-(I) Stevens 2010 (private comm.), (2) Tzioumis et al. 
2002, (3) Mantovani et al. 1994, (4) Burgess & Hunstead 2006, (5) O'Dea 
1998, (6) Mantovani, Muxlow & PadrielH 1987, (6) Jauncey et al. 2003. 



2.2.6 Variability 

As the radio observations for each source span several decades in 
time, this provides an opportunity to identify variable sources. CSS 
and GPS so urces generally are not intrin s ically variable on short 
time scales jAller. Aller & HughesI [19921: lO'Deal Il998l) . Table |5] 
shows the ten sources observed, and the flux densities, including 
the new observations (see § [3]l, compared to previous measure- 
ments, covering five epochs in time. Our flux density errors are 



© 201 1 RAS, MNRAS OOO.fTlfTsl 



An unbiased sample of bright CSS and GPS Sources 5 





Hf r 



f K5 ja61E-345E 



■ — ' -* 



FnequtTrir I'£vhtj 
PK5J1.22>*235 

r ..i .. ^ 



PISS ^1301-0950 



ifi* itf* la^ 
?K5 Jl i:ll-27IE 



























■ ■ -1^ r 1 



W' Itf" 

pKSjisiS'Si^a 

id' ■— r 



MC It" 

rK5 JltflS t»il4g 



Iff' 



le' to' 



. ppq ■III* I I i| 



in" 



so' 10' m' 



iff' t** svf 



ID" 



ID ' 









F 













W"- tfl" W' 




"1 1 





















Id ' i[f le" 



ID"" 1^ [*■ 



]S' IE* m" 



iC ID LU 



I 



Ifl" 




















Vt.SS f* MH? 




Ce44 Uyflu* 1.4. 4.9 «r GHl 


ID' 










Cul^DCFB fi{l £i 16a MHz 




C£44 Imhrt L4. 2.3-, 4.8 & fl.fi GHz 






s 








* 


NVSS 1.4 GHl 












Texas 3£S MKz 




PMN, 5 GHi 






1 


■ 




• 


AT^OG 4.B, B,€ &2C GH? 








* 




SUMSS 843 MM? 




as 13 yvfil 14. 4.@ & 9^ ghu 


111 = 


ID-" 


IB* 







Figure 2. Radio spectra for CSS sources from our sample, with power-law spectral fits overlaid. The frequencies are all in the observer's frame. The two new 
CSS candidates are PKS J131 1-2216 and PKS J2152-2828. C644 and C1813 ai'e the ATCA observing programs presented in §[5] 
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PKSJ0024-4202 PKS J0240-2309 PKS J0943-0819 



PKSJ1154-3505 




Frequency (GHz) 
PKSJ1248-1959 



10'^ 10° 10 



Frequency (GHz) 
PKSJ1744-5144 



10'^ 10° lO' 



Frequency (GHz) 
PKSJ1830-3602 



10"' 10° lO' 



Frequency (GHz) 
PKSJ1939-6342 




Frequency (GHz) 
PKSJ2011-0644 



10"' 10° 10 
Frequency (GHz) 



10"' 10° lO' 
Frequency (GHz) 



10"' 10° lO' 
Frequency (GHz) 




10"' 10° lO' 
Frequency (GHz) 

Figure 3. Radio spectra for the GPS sources from our sample, with quadratic fits overlaid. The frequencies are all in the observer's frame. 



~ 10% for all measurements in Table |5] We found the flux den- 
sities were consistent within 15% at 1.4 and 2.3 GHz and 8% for 
4.8 and 8.4 GHz for all sources except one. The source with higher 
variability (> 15% at all frequencies) was already catalogued as a 
CSS source, as discussed in 14.31 This variability may be an arti- 
fact arising from missing extended flux with the different surveys, 
or could potentially be genuine variability over the several decades 
spanned. 

For the rest of the sources in our sample catalogued as 
CSS/GPS, the archival data samples fewer epochs. This existing 
data suggests the remaining sources have flux density variations 
within 10% for the measured frequencies. We conclude that none 
of our sources are significantly variable. 



2.2.7 The final sample 

In summary, the 76 sources from the initial selection fall into four 
categories: 

• 2 new CSS candidate sources, 

• 15 known CSS sources (Figure |2j, 

• 50 poor CSS candidates and/or known sources, with data 
broadly spread around the power-law fit, an LAS > 10" or a double 
or tripled lobe radio morphology (spectra not shown), and 

• 9 known GPS sources, distinguished by a turnover in their 
spectrum (Figure|3}- 



The catalogue for the final 26 sources is presented in Section|4] 



3 OBSERVATIONS 

Of the 76 sources remaining following the selection using the initial 
criteria of § 12.11 55 were observed with the ATCA, and details of 
the observations are summarized in Table |6] The new observations 
presented in this paper are shown in Table |7] 



3.1 ATCA Project C644 

ATCA observations for project C644 (PI King) were made in July 
1997, over 45.5 hours, using the 6A Array, full 128 MHz band- 
width, all polarization products, at =1.384, 2.496, 4.8 and 
8.64 GHz. Sources were observed in snapshots of one minute three 
to four times each, since only flux density information, rather than 
high quality images, were desired. Only a primary amplitude cali- 
brator was used, as the sources are bright enough to self-calibrate. 
38 sources from our initial sample were observed, including 10 
from the final sample. Flux densities were measured both from 
the visibility data and also from images using the MIRIAD tasks 
UVFLUX and iMFIT respectively. The images were made with the 
standard tasks INVERT, CLEAN and Restor, with an average rms 
of 0.05 Jy. For 30% of these observations the («, v) coverage from 
the snapshots was insufficient to measure a reliable flux density. 
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3.2 ATCA Project C1813 

For project C1813 (PI Randall) 52 sources were observed on 19- 
20 June 2008. Observations were made in the 1.5B array, us- 
ing 128 MHz bandwidth for each of four frequencies centered on 
=1.384, 2.496, 4.8 and 8.64 GHz. Two observations of four 
minutes each were made on each source at each frequency, and the 
primary calibrator PKS B 1934-638 was observed for ten minutes 
at the beginning of each observing run. No secondary calibrators 
were used, as all sources are bright enough to self-calibrate. 

Flux density information was measured from the (u, v) data 
for each source, and added to the catalogued data for 10 sources in 
the final sample. Data for the other 42 observed sources is presented 
in Table[7](an asterisk indicates those which were not among the 76 
initial CSS candidates), whilst the data for the sources from our fi- 
nal sample are included in Table[8] The typ ical errors for these mea - 
surements are ~ 10%, as described in Middelber g et al.l ( |2008|) , 
given that we take systematic errors of the telescope systems into 
account, incorporating errors in the pointing and flux calibration. 



4 RESULTS AND INTERESTING SOURCES 

4.1 Spectral Classification and Source Catalogue 

Our resulting catalogue consists of 2 new CSS candidate sources, 
15 known CSS sources and 9 known GPS sources. Although our 
sample is not complete (due to initial criterion 1 ensuring each 
source had at least four flux density measurements in PKSCAT90), 
we have formed an unbiased sample of these objects. We define a 
complete sample to be a set of objects from a parent population that 
includes all such objects that satisfy a set of well-defined selection 
criteria, and an unbiased sample to be one that is a subset of a com- 
plete sample, where the selection of the objects does not depend on 
the intrinsic properties of the sources. Our sample is unbiased and 
we estimate it is ~ 36% complete, based on the number of sources 
excluded by the criterion requiring four flux densities. With future 
work, we can expand the sample to ensure it is complete. 

Radio spectra for the final 26 sources are shown in Figures |2] 
and [3] The radio spectra show all radio data points compiled from 
the various catalogues and surveys (Table |2). For our CSS candi- 
dates and sources, the fitted least squares power law of the form 

5 oc is shown. The quadratic fit performed for the candi- 
date selection (§|2j2j is shown on the GPS sources. 

Our CSS candidates and sources follow a strong power-law 
spectrum across two orders of magnitude in frequency, with few 
deviations. Any deviations or outlying points from the power-law 
fits may be attributed to, (a) measurement errors, (b) limitations of 
the data itself, such as minimal sampling of the (u, ii)-plane, or (c) 
genuine deviations from the power law, perhaps caused by electron 
cooling. 

All 26 remaining sources are listed in Table |8] with a 'k' tag 
in the name column if the source was previously known to be a 
CSS or GPS object, and a 'C or 'G' for CSS or GPS candidate re- 
spectively. A selection of the sample properties, source name, clas- 
sification, right ascension and declination, redshift, R-band mag- 
nitude, optical classification, physical size, overall radio spectral 
index a fu, selection spectral index 0:2.7 ™d several radio flux den- 
sities are given. Also, where a spectral index a fu is listed for GPS 
sources, this spectral index is taken from a power law fit to the part 
of the radio spectrum at frequencies above the spectral peak. The 
online version of this table includes all radio flux density measure- 



ments for all sources, and all relevant optical data. We also present 
the LAS data in Tabled and Figure[T] 



4.2 Optical Properties of CSS and GPS sources 

4.2.1 Optical Counterparts and Morphology 

Optical counterparts for 22 of the 26 sources have been deter- 
mined from the SuperCOSMOS Science Archive (based up digital 
scans of the 1.2 m UK Schmidt Telescope and Palomar-II Oschin 
Schmidt Telescope sky surveys in the red, blue and near-infrared, 
taken between 1974and 2002). The optical counterparts are deter- 
mined for each radio source by selecting the optical source closest 
to the radio position from the AT20G survey (Massardi et al. 200^; 
iMurphv et alj2010l) within a radius of 6". We used NED to identify 
whether we had any interacting galaxies or galaxy pairs. We further 
use the optical morphological classification from SuperCOSMOS, 
where an object is classified as a 'galaxy', 'star' (or QSO) or un- 
classifiable. The optical morphology classification for all objects 
consisted of 18 galaxies and 8 star-like objects or unresolved ob- 
jects, likely QSOs. For the four sources too faint to be detected 
with SuperCOSMOS we use the position, classification, Bj mag- 
nitude and R band and I band magnitudes or li mits available from 
the literature for our analysis and in Table |8] .Burgess & Hunstead 



Snellen 



(2006) for PKS J0420-6223 a nd PKS J1744--5144 , 

12009) for PKS JOl 16-2052 and lMcCarthv et alj ([199^ for PKS 
J201 1—0644 for our analysis and in Table |8] The Burgess & Hun- 
stead Bj band magnitude is from COSMOS, an earlier ver sion of 
SuperCOSMOS jUnewisse. Hunstead & Pies trzvnsk i!ll993l). 

It has been suggested jO'Dedl 19981 : Ipanti 2009 j: lHolt|[2009t) 
that a significant fraction of CSS and GPS hosts are interact- 
ing. Of the 64 sources in the O'Dea sample, 57% of the GPS 
sources show a d isturbed nuc l eus and 13% have a second nucleus 
nearby. Similarlv. iGeldermanI d 1 994, 1 1 996h suggests all of his sam- 
ple of 20 CSS sources sho w evidence of interaction or disturbance. 
ISmith & H eckmanI (11989') found that 54% of their powerful radio 
galaxies had distorted nuclei, and 20% had a close companion. 
IO'Deal ( ll998h suggests similar statistics for sample of CSS sources. 

In our sample we see seven sources interacting and/or dis- 
torted with close companion(s), two distorted sources, one possi- 
ble double nucleus and 16 isolated sources. This is 27%, 8%, 4% 
and 61% of our sample respectively. We are thus seeing a much 
lower level of interaction or disturbance, in this sample (up to 
~ 39%) compared to much higher fractions in those previously 
published. Further deeper optical imaging and spectroscopy would 
reveal whether these objects are all from the same parent popu- 
lation, by removing resolution limitations and allowing us to de- 
termine whether nearby objects in the images are associated or 
merely appearing in projection. This morphological difference be- 
tween our sample and the O'Dea sample suggests that the host 
galaxy properties of the CSS and GPS population may not be as 
well understood as previously suggested. Three optically unusual 
systems in our sample, PKS J1819-6345, PKS J0616-3456 and 
PKS J1223— 4235, are further discussed, in Section |431 They con- 
sist of a blue disk host galaxy, a galaxy pair and a pair of merging 
galaxies. 

Figure |4] shows the SuperCOSMOS Bj - I distribution for 
our sample, split into (a) CSS and GPS sources, (b) CSS and GPS 
galaxies, and (c) CSS and GPS quasars. Figure |5] shows all 26 of 
the SuperCOSMOS Bj images in from our sample. We present Bj 
images here as this is the optical band most likely to highlight mor- 
phological distortions associated with star formation, although in 
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Table 5. Sources measured at multiple epochs 



Source 


Si. 4 


Si. 4 


Si. 4 


S2.3 


S2.7 


S4.8 


S4.8 


S4.8 


S4.8 


S8.6 


Sg.e 


Sg.e 




C1813 


NVSS 


PKSCAT90 


C1813 


PKSCAT90 


C1813 


PMN 


PKSCAT90 


AT20G 


C1813 


PKSCAT90 


AT20G 




Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 




9 78 
Z. / o 




^ 09 


9 


9 9.A 


1 

i .0 J 


9 OA 


1 77 
1.11 


1 Qf^ 

1 .yo 


Q1 


n 

u.yj 


n QQ 




O.J / 


8 75 


o.O 




J.o 


3 64 


^ 7*^ 
J. 1 J 


J. / 




9 1 S 
Z. i J 


2 2 




PKS JOl 16-2052 


3.81 


4.091 


4.1 


2.44 


2.4 


1.27 


1.42 


1.24 


1.66 


0.64 


0.67 


0.75 


PKS J0203-4349 


2.67 




2.87 


1.81 


1.7 


1.03 


1.06 


1.01 


1.025 


0.58 


0.53 


0.57 


PKS J0252-7104 


5.59 




5.9 


3.42 


3.1 


1.69 


1.72 


1.54 


1.79 


0.80 


0.74 


0.86 


PKS J0420-6223 


3.26 




3 


1.94 


1.68 


0.93 


0.92 


0.84 




0.47 


0.39 




PKS J18 19-6345 


13.34 




12.3 


8.80 


7.4 


5.14 


4.51 


4.21 




2.95 


1.89 




PKS J 1830- 3602 


7.12 


7.24 


7.4 


3.54 


2.9 


1.32 


1.32 


1.27 


1.38 


0.51 


0.59 


0.55 


PKS J1957-4222 


3.25 




3.27 


1.90 


1.6 


0.92 


1.01 


0.89 


0.91 


0.43 


0.67 


0.43 


PKS J2152-2828 


2.75 


2.87 


2.8 


1.98 


2 


1.25 


1.32 


1.32 


1.20 


0.75 


0.75 


0.73 



Notes. -Flux densities given in this table cover five dilferent epochs of time, and all errors on flux density measurements are ~ 10%. Frequencies are all in 
the observer's frame. All PKSCAT90 measurements were taken before 1990, and could be from as early as 1965. C1813 observations were completed in 
2008 and AT20G data measurements were completed between 2004 and 2007 (data spanning multiple frequencies was simultaneously taken). NVSS 
measurements were taken between 1993 and 1996, and PMN was completed in one year, in 1990. 



our classification we used multiple bands {Bj, R and I) to maxi- 
mize our chances of identifying distorted or interacting sources. 



4.2.2 Redshift and Populations of sources 

Redshifts were obtained for all sources using NED, including 6 
photometric and 20 spectroscopic redshifts. In Figure |6] we show 
redshift versus Bj — I and Bj — / versus Bj — R. These dis- 
tributions suggest that we see two populations of objects, quasar- 
like sources, with blue colours, higher optical luminosities, and ex- 
tending to higher redshifts; and luminous red galaxy (LRG)-type 
objects with redder colours, and restricted to lower redshifts. In 
Figure|6{a), we see the quasars as the blue objects with higher red- 
shifts along the bottom, and the LRGs as the redder, nearby objects. 
In Figure|6lb), the population split between LRGs and quasars can 
still be seen, and we see the quasar like objects clustering to bluer 
colours in the bottom left, with the red LRG type objects toward 
the top right. It is also clear that the split between quasar-like ob- 
jects and LRGs is a gradual change, as we would otherwise see a 
bimodal distribution in the Bj — / colours. We note that the error in 
SuperCOSMOS magnitudes is typically 0.3 — 0.5 magnitudes, and 
we treat these distributions with some caution. In addition, there is 
a 15 year gap between the Bj and R magnitudes used in Super- 
COSMOS, and if our sources are optically variable, this may also 
have an effect. 

Figure|7Ja) and (b) shows R-band magnitude versus both rest- 
frame luminosity and redshift, for both our sample and the O'Dea 
sample. The CSS and GPS sources are also split here by optical 
classification as a galaxy or quasar. Overall, it appears that we are 
looking at similar populations. A luminosity cut does not affect 
the overall appe arance, or remove any one area of the sample. The 
models are from lBruzual & Charlod ([r993h and model host galaxy 
stellar populations rather than AGN properties. The fact that these 
models closely track the LRG population emphasises that the bright 
magnitudes of the quasar population are dominated by optical emis- 
sion from the AGN rather than stellar population. 

While these results also indicate that we are probing sim- 
ilar redshift, optical colour and luminosity regimes, our optical 
host galaxies are not predominantly disturbed or interacting as the 
O'Dea sample are. It remains unclear what the origin of this dis- 



I CSS sources 

. GPS sources 



] CSS Gala 
. GPS Gala 



I CSS Qui 
. GPS Qui 



2.0 

B,,-l 



Figure 4. Panel (a) is the SuperCOSMOS Bj-I distribution for all 26 
sources with optically identified counterparts, split into CSS and GPS 
sources. Panel (b) shows the distribution for CSS and GPS galaxies, while 
Panel (c) shows the CSS and GPS quasars. 



crepancy may be. The difference in resolution of the optical imag- 
ing used by O'Dea and SuperCOSMOS is small. The resolution 
of the O'Dea imaging is only ~l-2 times better than SuperCOS- 
MOS for a few sources, and we would still be able to clearly see 
any double nuclei or companions in the SuperCOSMOS images. It 
is also important to note that classifying a source as distorted can 
be somewhat subjective, unless relying on more quantitative mea- 
sures, such as the asymmetry index in the CAS scheme (iConselic3 
l2003h . 



4.3 Three optically unusual CSS sources 

PKS J1819-6345 is ca t alogue d as a CSS source by 
iHolt. Tadhunter & Morgantil ( |2008|) and has an optical coun- 
terpart (Figure|8) which is a blue disk galaxy (Bj — J = 1.0) at 
a redshift z = 0.063. This object is unusual compared to the rest 
of our sample, with an optical host galaxy showing a blue disk. 
The blue colour of the galaxy may be an indicator of recent or 
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PKS ,10024-4202 



PKS .[002,1-2602 



PKS JOl 16-2052 
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Right Ascension (J2000) 



Rigllt. Ascension (J2000) 



13''11™41" 40^ 

Right Ascension (J2000) 



Figure 5. SupeiCOSMOS B j images for our entire sample, with a cross indicating the optical counterpart position. Images are 1' square. PKS J0420— 6223 
and PKS J1744— 5144 have a cro ss indicating the opti cal counterpart position from Burgess & Hunstead (2006), PKS J201 1 —0644 has a cross indic ating the 
optical counterpart position from lSnellen et al] | |2002|) and PKS JOl 16— 2052 has a cross indicating its optical position from lMcCarthv et alj jl99^ . Several 
sources (such as PKS J1818— 5158) appear to only just be detected by SuperCOSMOS and as such have very faint counterparts. 



ongoing star formation, possibly triggered by the AGN. The source 
has rest-frame Li/,,^4.8 = 10^^ '' WHz~^, and it has a spectral 
index of afu = —0.86. This source is also quite variable across 
the decades between radio observations (See Table |5}, and the 
variability we see may be due in part to star formation. 



Another optically unusual source is CSS object PKS 
J0616— 3456, a galaxy pair. The galaxies are at a redshift of 2 = 
0.329, withBj-/ = 2.48 andB,/-/ = 2.88. Although this is op- 
tically a galaxy pair, the radio position is centred on the first optical 
counteipart, and due to the compact nature of these radio objects, it 
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Figure 5 - continued 



is likely the radio object is only associated with one of the optical 
pair. The source has rest-frame L^,=4,8 = lO^'^ '^ WHz"\ and it 
has a spectral index of ctfu = —0.56. 

The final unusual source, PKS J1223— 4235, is a well stud- 
ied interacting pair of galaxies, where the host galaxy of the radio 
source appears to be merging with a much smaller galaxy. This 
object is interesting for several reasons; first, it is one of the clos- 
est CSS sources, at a redshift of 2 = 0.176. Second, it has been 
studied intensively i n the optical and radio jSafouris et ^l2003l : 
Ijohnston et alj|2003) and has been shown to host three different 



aged stellar populations, one of which is thought to be triggered by 
the merging of the small companion galaxy with the larger galaxy 
hosting the radio source. This object has an overall B,j — I — 1.5, 
with a rest-frame Li,^=4.8 = 10^^" WHz^^, and it has a spectral 
index of Ofu = —0.63. 
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Figure 6. (a) SuperCOSMOS Bj — / magnitudes against redshift for our sample only. It suggests that we are seeing two different host galaxy types, LRGs 
and quasars, (b) SuperCOSMOS B j — / magnitudes plotted against Bj — R for our sample. The symbols are the same as for the left figure. The very blue 
colours of the QSO sources, and the red colours of the galaxies, emphasise the likelihood of two populations of host galaxy within out sample. 




Figure 7. (a) SuperCOSMOS R-band magnitudes against 4.8 GHz rest-frame luminosities for our sample and the O'Dea sample. This illustrates a relatively 
tight correlation between optical magnitude and radio luminosity for LRG-type systems, which does not hold for the quasar population, where the optical 
emission is likely t o be d ominated by that from the AGN. (b) SuperCOSMOS R-band magnitudes against redshift for both samples. The models are from 
iBruzual & Charlol i ll 9931) and are represented as follows: long-dashed curve, non-evolving elliptical (E) galaxy, dotted curve, E galaxy with Zj- = 10, solid 
curve, E galaxy with zj = b, short-dashed cur\'e, E galaxy with Zj = 2 and dashed-dotted curve, Sa galaxy with Zf = 5. 



5 DISCUSSION 

5.1 Comparison with previous sample 

We compare our redshift, spectral index afu and luminosity distri- 
butions with the sample from O'Dea ( 1998), which consists of 34 
CSS and 33 GPS sources. Our sample was constructed to investi- 
gate the same parent population as the O'Dea sample, as it is the 
most intensively studied sample of CSS and GPS sources to date, 
but nonetheless our sample differs slightly in several ways. We note 
that due to the areas covered by the surveys from which our sam- 
ple is drawn, there is some small overlap with the selection of the 
O'Dea sample. 

Four of the O'Dea sources are within our sample, and an addi- 
tional five of the O'Dea sample in the southern hemisphere do not 
satisfy all of our initial selection criteria (§|2jT).This is further dis- 
cussed in i; |5.2| Table[3]shows the differences between the O'Dea 
sample selection and ours. 



Distributions of redshift, spectral index and radio rest-frame 
luminosity are shown in Figures |9][T0] and [TT] respectively. In the 
absence of a published list of spectral indices for the O'Dea sam- 
ple, we have found spectral indices by using NED to extract all 
the relevant radio data for each source, and measure radio spectra 
for all the O'Dea sample. We set a frequency range comparable to 
that for our sample (74 MHz to 22 GHz) and selected data points 
within this range at frequencies similar to those used for our sam- 
ple. We then fitted power-law spectra using a least-squares fit, to 
the CSS sources, and above the peak of the GPS sources, to de- 
termine an overall spectral index (afu) to compare to our sample. 
This distribution is roughly consistent with the original spectral in- 
dex distribution published by O'Dea, and we use these new spectral 
indices for all analysis. Any discrepancies in these spectral indices 
are likely due to the addition of more low and high frequency radio 
observations, from more recent observations. We also found 6 of 
the 7 sources listed by O'Dea as not having a redshift to have a new 
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Table 6. Summary of ATCA Observations 



Project 


Epoch 


Observed 


Number of 






Frequencies {Vo, MHz) 


Sources 


C644 


1997 July 6-8 


1384, 2368, 4860, 8640 


32 


C1813 


2008 June 19-20 


1384, 2368,4860, 8640 


52 




ial'19">40^ 35S 30= 
Right Ascension (J2000) 



Figure 8. Bj band SuperCOSMOS image of PKS J1819-6345, with the 
Vo =4.8 GHz radio contours and synthesized beam size (lower left) from 
ATCA overlaid. The radio contours begin at 10% of the peak flux (5.05 Jy) 
and increase in increments of 15%. This is an example of bright point source 
radio emission in a blue (B j — 7 = 1) disk galaxy, possibly hosting ongoing 
star formation. 

spectroscopic redshift published, which we used to determine rest 
frame luminosities for these sources. 

The spectral index distributions for our sample and the O'Dea 
sample are shown in Figure|9] The spectral indices of CSS samples 
between our sample and the O'Dea sample are similar, with mean 
spectral index ( q ) = —0.77 for our sample and ( q ) = —0.70 
for the O'Dea sample. The spectral indices of our GPS sample are 
dominated by small number statistics, however, the mean spectral 
index ( a ) = —0.76 for our sample is very similar to that of the 
O'Dea sample ((a) = —0.77). Kolmogorov-Smimov (KS) tests 
on the distribution of spectral indices for neither the CSS samples 
from the two studies, nor the GPS samples, support the hypothesis 
that they are drawn from different populations. The P-values are 
0.32 and 0.27 respectively. 
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o.jy ^ U.UO 


Pti'Q in 1 

rJS.o JUlJU— 


901 1 * 


9 9/^ -I- n 7 

z.zo It o.z 


i . i It U. i 


7/1 -I- n 1 

U. /'4 It U. i 


0/1*^-1-0 ns 

0.40 It U.UJ 


Plfc 10900 
r^J\.o jyJZXjK)— 


insi 


1 SS -1- A 
J.Jj ^ O.'i 


9 01 -1- 9 
Z.Uj ^ U.Z 


n Ql -1- 1 


n f,f\ A- 07 
O.OD ^ U.U / 


PT*rC T0901 


1 1 19 
i i JZ 


9 sn -1- n 1 

Z.jU It O.J 


i .0 i It U.Z 


1 1*^ -I- n 1 
i . jO it U. i 


1 07 -1- n 1 n 
i.O/ It u . i 


T)V Q T09 1 S 


1 9SQ 

1 zjy 


1 9Q -1-0 1 

j.zy It O.J 


1 Ql _l_ 9 
i .0 1 zn U.Z 


1 1A -1- 1 
i . j^ It U. i 


AS -1- OS 
0.40 ^ U.UJ 


PK'e T0990 


01 

Oi JO 


1 9A -1-0 1 
j.Z.^ ^ O.J 


1 01 _l_ 9 
i.yi It U.Z 


Q8 -1- 1 
U.oo It U. i 


AO -1- OA 




1 Q19* 


1 fin -\- r\ A 

j.O/ it 0.4 


1 QQ -1- n 7 
i.oy it U.Z 


n Q9 -1- n 1 
U.Vz it U. i 


SQ -U n c\fi 

O.Jo It U.UO 


PK'c T019 1 




1 01 -1- 1 
j.Oj It O.J 


1 QO -1-0 9 
i.yo It U.Z 


7A -1- 1 
U. ^ U. i 


1 -1- 09 

0. io ^ u.uz 


PK'c T0A07 


1 Zi i 


9 7S -1- 1 
Z. / J ^ O.J 


1 SQ -1- 9 
L.oy It U.Z 


1 71 _l_ 1 
i .Zl It U. i 


1 1 -1- 1 
i . iO It U. iO 


Ptt'Q TO/IOC 


7S07 


11 1 1 -I- 1 
i J. 1 J it i.O 


7 71 _i_ n Q 
/ . / 1 It U.o 


7/10-1-07 
Z.40 It U.Z 


1 71 -1- 90 

1 . / J it u.zo 


Plfc jr\AAA 


90 no* 
Zooy 


0. / ^ 0. / 


y1 11 -1- A 
'4.ji It U.4- 


1 97 -1- 1 
i .Z / It U. i 


f\A A- C\f\ 
0.0*4 ^ U.UO 


Plfc TOASS 


inO(^* 

JUOO 


111 _|_ n 1 

J. J i It O.J 


7 1 7 _|_ n 9 
Z. i / ^ U.Z 


1 71 _|_ n 1 
i .Zi It U. i 


f\Q A- 07 

o.oy ^ U.U / 


PK'c TOASS 
r^J\.v3 JU'+Jo— 


1007* 
jUO / 


7 -1- 1 
Z.Jo ^ O.J 


1 7Q -1-0 9 
i . /y It U.Z 


SS -1- 1 
U.o J ^ U. i 


9S -1- 01 
O.Zo ^ U.Uj 


PTt'Q TOA9 1 


S9/1 1 * 


1 1 7 _i_ n 1 

J. 1 / It O.J 


9 90 -I- n 7 
Z.ZO It U.Z 


IS -U 0/1 
O.jJ It O.OH- 


9*^ -1- n ni 

O.ZD It U.Uj 


r^J\.o JUDZD— 


S1A1 * 


o.oz ^ 0. / 


1 HQ -1- A 
J.oy ^ U.'4 


1 SA -1- 9 
i .o4 ^ U.Z 


QO -1- OQ 

0.7U It u.uy 


Plf c Tl SSS 


7QAn* 


1 S 1 -1- A 
J. J i ^ 0.4 


1 SA -1- 9 
i . J4 ^ U.Z 


79 -1- 1 
U. /Z It U. i 


A7 -1- OS 
0.4/ It U.UJ 


Plfc T1 11 A 

1 J\.v3 J L 1 ZM- — 


0242* 


2 19 di 2 


1 81 di 2 


A S(^ -1- S 
'4. JO ^ U.J 


97 -1- n O'^ 
U.Z / ^ U.Uj 


PK'e Ti Qa7 


Jo JO 


9 K7 -1- 1 

Z.o / ^ O.J 


1 Ql _|_ 9 
i .0 i zn U.Z 


QQ -1- 1 
\j.yy It U. i 


SA -1- OS 
O.Jt ^ U.UJ 


pv'C TI Q41 


1524 


A _|_ 7 


yi -in _|_ n A 


1 QT _|_ n 7 
1 .0 J ^ U.Z 


^i7 -1- 07 
U.O / Z^ U.U / 


Plfc T900^^ 


0991 
OZZ J 


7 10-1-09 
Z. iU ^ O.Z 


1 SS -1- 9 
i .Jo It U.Z 


1 OA -1- 1 
i .U4 ^ U. i 


f\C\ A- C\f\ 
O.OU ^ U.UO 


PK'e T9094 
r^J\.v3 JZUZ'4— 


J /Zj 


9 OA -1-0 9 
Z.O'4 ^ O.Z 


1 1 1 _i_ n 1 
i . i 1 It U. i 


f^l -1-0 1 
U.Dl ^ U. i 


9S -1- 01 
O.Zo ^ U.Uj 


PK'e T901S 


1ASA* 


S SS -1- 
J.JJ It 0.0 


1 IS -1- 1 
J.jJ It U.J 


1 7Q -1-0 9 
i. ly ZLL U.Z 


S7 -1- OQ 
0.0 / ^ xj.xjy 


PK'e T90S^^ 


1 QSf^* 
1 7 JO 


9 ^A -1-0 1 
Z.O'4 It O.J 


1 A7 -1- 1 
1 .4- / ^ U. i 


n Qs -1- 1 

xj.yo ^ U. i 


S9 -1- OS 
O.JZ ^ U.UJ 


Plf C TO 1 17 

r^J\.o JZl J / — 


1 All* 


9 AO -1-0 9 
Z.4U ^ O.Z 


9 1 7 _|_ n 9 
Z. i / ^ U.Z 


SI -1- 1 
U.J J ^ U. i 


n 19-1-001 

0. iZ ^ U.Ui 


PVC 191/11 


/1 1 1 9 
J iZ 


9 fi^L -1- n 1 

Z.OD It O.J 


1 QO -1- n 7 
i .oO it U.Z 


n S9 -I- n 1 
U. JZ It u. i 


n 10 A- 01 

O.jU It U.Uj 


PKS J2147- 


8132* 


2.86 ±0.3 


1.65 ±0.2 


0.57 ±0.1 


0.31 ± 0.03 


PKS J2214- 


1701* 


9.05 ± 0.9 


5.21 ±0.5 


2.37 ± 0.2 


1.07 ± O.IO 


PKS J2253- 


4057 


3.05 ± 0.3 


1.41 ±0.1 


0.84 ±0.1 


0.40 ± 0.04 


PKS J2255- 


5245 


2.69 ± 0.3 


1.79 ±0.2 


0.92 ±0.1 


0.50 ± 0.05 


PKS J2319- 


2728* 


2.77 ± 0.3 


1.89 ±0.2 


1.13 ±0.1 


0.66 ± 0.07 


PKS J2326- 


0202* 


2.34 ±0.2 


1.67 ±0.2 


0.24 ± 0.02 


0.23 ± 0.02 


PKS J2326- 


4027 


3.26 ±0.3 


2.06 ± 0.2 


1.07 ±0.1 


0.54 ± 0.05 



Notes.- * indicates this source was not part among the 76 candidate 
CSS sources. All errors are due to inherent systematic errors in the flux 
calibration and are ~ 10%. 



© 201 1 RAS, MNRAS OOQ.fTlfTsl 



Table 8. TABLE OF DATA FOR CSS AND GPS CANDIDATES AND SOURCES 



Source &Tagi RA Dec. R mag. Redshift Type afit^ Aof^t "27 Physical PMN AT20G References 

Size 1.4GHz 2.7GHz 5 GHz 8.4GHz 20GHz 
kpc Jy Jy Jy Jy Jy 





no 94. 4.9 Q5 


—49 09 0^ 5 


20 2 


937 




—0 92 


008 


—0 77 


15 


2 78* 


2 93* 


1 85* 


91* 


29 


12 3 




00 95 4Q 1 R 


—26 02 12 7 


18 8 


322 




—0 54 


02 


—0 70 


% 9 

J.Z 


8 '?7* 

O.J / 


5 Q4* 


^ (i4* 


9 15* 

Z. i J 


OR 


4 




01 1 6 5 1 47 


— 90 59 06 5 

Zw JZ L/U.J 


21.6 


1 41 




—0 76 


02 


— 1 07 


6.0 


3.81* 


2 44* 


1 27* 


0.64* 


0.24 


2 5 6 




09 0^ 40 75 


A1. 40 SO Q 


18 7 


45P 




—0 73 


01 


S5 
— U.OJ 


0.0 


9 fn* 

Z.D / 


1 Rl * 
i .0 i 


1 0^* 

i .UJ 


5S* 

U.JO 


O'K 

U.Z J 


\ 




09 40 08 1 ^ 
vjz. wo. i J 


—23 09 15 7 


16.1 


2 223 




—0 52 


009 


—0 76 


8.5 


4.4 


2 41 


3 34 


2 2 


0.90 


3 7 8 


PK'*^ 109 59 7104 C V 


09 59 Af^ 9Q 


7 1 04 Q 


1 Q 9 
iy.z 


5(^S 
Lf. JDo 




1 09 

— i .uz 


00(i 


1 1 4 


1 (^ 
i .0 


5 5Q* 
J. Jy 


'1 49* 
J.4Z 


1 (^Q* 

1 .oy 


RO* 


A ^9 
U. JZ 


1 4 


Pl^*s 10490 ^i99^ C If 


04 90 5f^ 17 

U't ZU JO. i / 


fO 9^ 9 

— OZ Zj JO.Z 


>21 5 


81"^ 




— 1 10 


005 


— 1 12 


1 5 Q 

i-J.y 


J.ZO 


1 94* 


Q^* 


47* 


1 7 


J 




0(1 1 ^1 ^5 Q7 


^4 5(1 1 7 (1 


18 7 


329 




Q 55 


006 


—0 63 


R Q 
o.y 


9 7 
z. / 




1 '^1 
i . J I 


7S 
U. / 


44 


1 f\ 7 


PKS J()943— 0819 G,k 


09 43 37.01 


—08 19 30.7 


17.9 


0.228 




—0.78 


0.001 


—0.79 


3.8 


2.48 


1.73 


1.12 


0.75 


0.33 


9,10 


PKS Jl 154— 3505 G,k 


11 54 21.79 


— 35 05 29.1 


17.8 


0.258 


G 


-0.69 


0.001 


-0.66 


0.7 


6.1 


4.12 


2.56 


1.92 


0.89 


1 


PKS J1218— 4600 C,'k 


12 18 06.26 


—46 00 30.2 


18.9 


0.529 





—0.53 


0.007 


—0.82 


6.9 


4.6 


3.3 


2.29 


1.27 


0.70 


1,2,7 


PKS J1223— 4235 C^k 


12 23 43.40 


—42 35 32.2 


15.7 


0.176 


G 


—0.63 


0.03 


—0.78 


6.2 


2.73 


1.62 


1.10 


0.63 


0.33 


Iji, 12,13 


PKS J1248— 1959 G.k 


12 48 23.87 


-19 59 18.4 


20.3 


1.275 





-0.84 


0.0005 


-0.76 


12.6 


4.9 


3.94 


2.42 


1.36 


0.69 


6J4' 


PKS J1308-0950 C,'k 


13 08 39.06 


-09 50 32.1 


18.7 


0.464 


G 


-0.54 


0.004 


-0.69 


2.7 


4.26 


2.88 


1.88 


1.11 


0.73 


1' 


PKS J1311-2216C 


13 11 39.37 


-22 16 41.4 




0.8 


Q 


-1.04 


0.01 


-1.30 


15.8 


5.24 


2.43 


1.24 


0.45 


0.19 


5,14 


PKS J1323-4452 C,k 


13 23 04.25 


-44 52 33.1 


18.6 


1.95 


Q 


-0.86 


0.007 


-0.88 


17.0 


3.47 


1.79 


1.06 


0.52 


0.25 


1 


PKS J 1526- 1351 C,k 


15 26 59.47 


-13 51 00.1 


19.6 


1.687 


Q 


-0.52 


0.009 


-0.58 


3.4 


2.4 


1.7 


1.31 


0.82 


0.39 


7,15 


PKS J1744-5144G,k 


17 44 25.43 


-51 44 45.7 


20.8 


0.63P 


G 


-0.57 


0.003 


-0.72 


0.4 




4.6 


3.90 


2.37 


1.24 


1,2,16,27 


PKS J1818-5158 C,k 


18 18 07.11 


-51 58 11.1 




0.48P 


Q 


-1.30 


0.005 


-1.51 


16.1 


3^5 


1.6 


0.72 


0.38 


0.07 


1 


PKS J1819-6345 C,k 


18 19 34.99 


-63 45 48.2 


15.6 


0.0627 


G 


-0.86 


0.005 


-0.92 


0.5 


13.34* 


8.80* 


5.14* 


2.95* 


1.71 


1,8,18 


PKS J1830-3602 G,k 


18 30 58.88 


-36 02 30.3 


14.1 


0.1 2P 


G 


-1.47 


0.003 


-1.34 


3.4 


7.12* 


3.54* 


1.32* 


0.51* 


0.14 


1 


PKS J 1939- 6342 G,k 


19 39 24.83 


-63 42 45.3 


17.5 


0.183 


G 


-1.30 


2 X IQ-S 


-1.02 


0.2 


16.4 


11.5 


5.66 


3 


0.96 


4,7 


PKS J1957-4222 C,k 


19 57 15.31 


-42 22 20.1 


16.5 


0.82P 


Q 


-0.93 


0.009 


-0.95 


15.2 


3.25* 


1.90* 


0.92* 


0.43* 


0.15 


1 


PKS J201 1-0644 G,k 


20 11 14.23 


-06 44 03.4 


21.5 


0.547 


G 


-0.74 


0.002 


-0.73 


0.2 


2.60 


2.09 


1.44 


0.77 


0.37 


9,19 


PKS J2 137- 2042 C,k 


21 37 50.02 


-20 42 31.5 


19.3 


0.636 


G 


-0.57 


0.02 


-0.82 


1.7 




2.49 


1.55 


0.76 


0.41 


4,8 


PKS J2152-2828 C 


21 52 03.79 


-28 28 28.7 


19.2 


0.479 


G 


-0.59 


0.007 


-0.67 


11.9 


2.75* 


1.98* 


1.25* 


0.75* 


0.37 


5 



Notes.- The full version of this table is available in the online version of this paper as Supporting Information. All flux densities listed are from observer frame frequencies and this is listed for each catalogue. Tag for CSS or GPS candidate or source in this catalogue, k indicates 
already catalogued as a CSS or GPS source, ^Photometric redshift from Burgess & Hunstead 2006 {all other redshifts are spectroscopic), ^tKy^^ is the spectral index given by our least squai-es spectral fit across the existing data for each source. For GPS sources, this spectral index is 
the spectral index above the peak of the radio spectrum. The error on ol , given by the sum of the residuals of the least- squai^es power-law spectral fit divided by the number of data points is given in the next column. Indicates that this flux density is new and previously 
unpublished, from C1813 (See ^ |3.2| : othei-wise the flux density measurements are from PKSCAT90. In the case of CI 813 measurements in Column 12 (2.7 GHz), the flux densities were measured at 2.3 GHz, whereas PKSCAT90 flux densities were measured at 2.7 GHz. All other 

flux densities are from the catalogues indicated. Column (5) refers to Galaxy (G) or quasar (Q) or empty field (EF) in the SuperCOSMOS science archive. 
References.- (1) Burgess & Hunstead 2006, (2) di Serego-Alighieri et al. 1994, (3) de Vries, Barthel & Hes 1995, (4) Tadhunter et al. 1993, (5) McCarthy et al. 1996, (6) Kapahi et al. 1998, (7) Edwards & Tingay 2004, (8)Holtet al. 2008, (9) O'Dea 1998, (10) 0"Dea & Baum 
1997, (II) Simpson et al. 1993, (12) Safouris, Hunstead & Prouton 2003, (13) Johnston et al. 2005, (14) Costa 2002, (15) Hewitt & Burbidge 1989, (16) Labiano et al. 2007, (17) Jauncey et a!. 2003, (18) Danziger & Goss 1979, (19) Snellen et al. 2002. 
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The redshift distributions for the current sample of CSS and 
GPS sources are dominated by sources at lower redshift compared 
to the O'Dea sample (Figure [Tot. The redshifts of CSS sources be- 
tween our sample and the O'Dea sample are dissimilar, with a mean 
redshift ( z) — 0.70 for our sample and ( z) — 1.03 for the O'Dea 
sample. A KS test marginally supports the hypothesis that they are 
drawn from different populations (P=0.04). 

Although our GPS sample suffers from small number statis- 
tics, the mean redshift (z) — 0.71 for our sample is again dissim- 
ilar to that of the O'Dea sample (( z) — 1.06). A KS test does not 
support the hypothesis that they are drawn from different popula- 
tions (P=0.50). Our sample appears more homogenous in redshift 
spread than the O'Dea sample, although our sources are on average 
at lower redshifts. To determine whether our lower mean redshifts 
arise from selection effects, we compare the radio luminosities of 
both samples (Figure fTTTl. We also show luminosity against redshift 
(Figure [12}. The distributions of radio luminosity are split by red- 
shift into three bins: < 2 < 0.5, 0.5 < 2 < 1 and 1 < 2 < 3.6. 
The O'Dea sources are more luminous than our sample in all red- 
shift ranges, but not by any significant amount. This would have 
been due to the lack of a minimum power cut in our source selec- 
tion, and hence we may include lower luminosity sources excluded 
by the power threshold in the O'Dea sample. Our distribution peaks 
at L5 ~ lO^'^ WHz~\ for the CSS sources, whereas the O'Dea 
sample peaks at around L5 = 10^* WHz~^. Due to the small num- 
ber of GPS sources in our sample, we cannot reliably determine a 
peak in their luminosity distribution. The O'Dea GPS candidates 
have a small peak at L5 ^ 10^^ WHz~^, but the overall distribu- 
tion is quite flat. Unlike the O'Dea sample, our GPS candidates do 
not appear to be more luminous than the CSS candidates. No strong 
evidence exists that Doppler boosting has a significant effect on the 
radio emission for these objects (O'Dea 1998), and we assume the 
radio power here to be intrinsic. 

KS tests on the CSS and GPS luminosities give P=0.02 and 
P=0.78 respectively. Although the results for the CSS source red- 
shift and luminosity distributions offer marginal support for our 
CSS sample being drawn from a different population to the O'Dea 
sample, we note that neither sample is complete. There has been 
no previous indication or expectation that samples drawn from 
the northern or southern hemispheres would be different, and this 
marginal result is likely due to the incompleteness of both samples. 
We have also performed KS tests on the 5 GHz flux density and 
R-band magnitudes, for CSS and GPS sources, giving P=0.45 and 
P=0.97 for the flux densities respectively and P=0.35 and P=0.69 
for the R-band magnitude respectively. Together these comparisons 
suggest that the bulk of the physical properties are consistent with 
our samples having been drawn from the same underlying popula- 
tion as those presented by O'Dea. This result should be explored 
in more detail, however, with a complete sample selected in a ho- 
mogenous manner, such as the algorithm we are suggesting in this 
paper. 

We also note that the numbers of sources selected from our 
parent sample are quite small (0.3% of the 8264 PKSCAT90 
sources, 12% of the 218 sources before the steep and compact se- 
lection criteria were applied, and 34% of the initial sample of 76 
sources), compared to the O'Dea sample (20% and 6% of CSS and 
GPS sources respectively from the relevant parent samples). Our 
selection rejects certain sources already classified as CSS or GPS, 
and we have discussed possible reasons for the exclusion of the four 
of the O'Dea GPS sources in our sample. It may be primarily the 
selection frequency which removes such sources, or the strict size 
criteria. 



5.2 Luminosity Effects 

We have investigated both our sample and the O'Dea sample to de- 
termine whether we see any evolution with redshift. We can see in 
Figure [12] that there are no extremely luminous objects at low red- 
shift (2 < 0.3), to which our selection would have been sensitive 
if they exist. We use the 1/V,nax method to calculate space densi- 
ties of these objects at higher redshift and to determine whether we 
could be missing luminous nearby sources. Figure [T2lgives the rest- 
frame luminosities at 5 GHz (using our measured spectral indices 
for the O'Dea sample) in standard ACDM cosmology. 

We choose several different redshift bins, at medium to high 
redshift, to perform the density calculations. The 1/Vmax method 

JV 

is used to find the space density $ = 1/Vmax- We calculated 

1/Vmax for several different redshift bins, taking into account our 
flux limit of S;^„=2.7 > 1.5 Jy and the volume differences between 
the samples. We then compare these values to the volume of the 
universe out to a redshift 2 = 0.3, of V ^ 1.53 x 10^" Mpc^, 
to estimate the number of expected nearby luminous sources, in 
the absence of evolutionary effects. From the calculations, using 
both our sample, and the O'Dea sample separately and combined 
(see TablefTOt, we confirm that we expect to see < 1 CSS or GPS 
source with luminosity Li/^^s > lO^^WHz"^ in the volume out to 
2 — 0.3. This confirms we are not missing any nearby extremely 
luminous objects from our sample. 

Another effect is that our sample appears to select less lumi- 
nous sources, and at lower redshift, compared to the O'Dea sample 
(i) l5.1l Our luminosity distributions have several minor differences 
(Figure [TTJ, and we do not see the very luminous, high redshift 
sources in our sample that are contained within O'Dea's sample, 
although they do not seem to be drawn from different populations. 
The O'Dea selection criteria are heterogeneous, and objects are 
drawn from catalogues with different frequencies. 

It may be that we do not select the very luminous GPS sources 
such as those seen in the O'Dea sample in our sample for several 
reasons. If we have a source selected with a steep spectrum at low 
frequencies, (such as 178 MHz, the frequency used for selecting the 
CSS sources in the O'Dea sample), the spectral index may flatten 
to a value of a > —0.5 at higher frequencies (such as 5 GHz), 
thus failing to meet our selection criteria. If the source spectrum 
does flatten at higher frequencies, it will result in a more luminous 
source at that redshift, due to the higher flux density. Similarly, if 
the radio spectra flatten out for these objects at lower frequencies 
(if the spectrum is starting to show a spectral turnover), they may 
not be selected using our criteria. This suggests it is possible that a 
high frequency flux limit (as for our sample) will remove any low 
frequency luminous sources, as in the O'Dea GPS sample. The four 
luminous ODea GPS sources not selected in our sample do not have 
a spectral index al'^ > —0.5, which suggests that GPS sources in 
particular, are high redshift, highly luminous objects, with flatter ra- 
dio spectra at high frequencies. From our comparison of these two 
samples, we note that particular choices of selection criteria may 
end up unintentionally biasing against sources of interest. It is clear 
that the selection criteria for CSS and GPS sources must remain 
general enough not to exclude such sources, while still minimis- 
ing the numbers of non-CSS/GPS sources selected. These criteria 
would need to be applied to large homogenous samples to select all 
actual CSS/GPS candidate sources, in order to to find the fraction 
of real GPS and CSS sources. 

Figure [13] shows spectral index against both the radio 
Ur =5 GHz luminosity and redshift. We can see that several of the 
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Table 9. Comparison of statistics from the O'Dea sample and our sample 



Source Type 


O'Dea Sample 


This Sample 


O'Dea Sample 


This Sample 


O'Dea Sample 


This Sample 


O'Dea Sample 


This Sample 




Mean 


Mean 


Median 


Median 


Mean 


Mean 


Median 


Median 




Spectral Index 


Spectral Index 


Spectral Index 


Spectral Index 


Redshift 


Redshift 


Redshift 


Redshift 


All sources 


— V. to 


— V. 10 


— U. / 4 


— u.oy 


i .Uj 


u. / i 


U.oO 


U. J4 


CSS 


-0.70 


-0.77 


-0.66 


-0.73 


1.03 


0.70 


0.88 


0.53 


GPS 


-0.77 


-0.76 


-0.78 


-0.65 


1.06 


0.71 


0.74 


0.55 


Galaxies 
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Notes.- Standard deviations for the samples are ~ 0.3 for all spectral index measurements, and ~ 0.5 for all redshift measurements. 
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Figure 9. (a) Spectral Index a fn for this sample and the O'Dea sample for CSS sources, (b) Spectral Index a jn above the peak for this sample and the 
O'Dea sample for GPS sources. 
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Figure 10. (a) Distribution of redshifts for this sample and the O'Dea sample of CSS sources, (b) Distribution of redshifts for the GPS sources. Our sample 
generally spans lower redshifts than the O'Dea sample. 
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Figure 11. (a) Rest-frame 5 GHz luminosity distribution for this sample and the O'Dea sample, CSS sources, split into three redshift bins, < 2 < 0.5, 
0.5 < z < 1 and 1 < z < 3.6, calculated using the standard ACDM model cosmology, (b) GPS sources for this sample and the O'Dea sample 
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Figure 13. (a) Radio rest frame Vr =5 GHz luminosity versus spectral index a for our sample and the O'Dea sample. We see several sources from the O'Dea 
sample have spectral indices a > —0.5. (b) Redshift z versus spectral index a for our sample and the O'Dea sample. 
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Figure 12. Rest-frame 5 GHz luminosities for our entire sample and the 
sample from O'Dea, versus redshift. The lowest redshift CSS source from 
our sample is the blue disk galaxy discussed in i) l4.3l 



Table 10. Summary of space densities for various redshifts 

BINS 



Redshift $ *0'i3ea ^combined % Error 

0.6- 1.0 3.36x 10"" 4.66x10"" 8.02x10"" 22% 

0.6- 1.3 3.40x 10"" 6.05x10"" 9.45x10"" 18% 

0.6- 1.5 3.47x 10"" 6.14x10"" 9.61x10"" 17% 



Notes.- <I> is the space density for objects with Ly^=5 > 10 WHz"^ 
in our sample, in sources/Mpc'^ , ^o'Dea is the space density for the 
O'Dea sample, in sources/Mpc^ , ^combined is the space density for our 
and the O'Dea sample combined, in sources/A/pc^ , and the error given is 
a percentage error for the space density for both samples combined, given 
by l/\/N. 



O'Dea sources have a spectral index a > —0.5, and those that 
have the highest luminosity are dominated by spectral indices close 
to —0.5. For GPS sources, however, the spectral index may be cal- 
culated closer to the peak for some sources than others, skewing 
the value towards a less steep spectrum. 
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In summary, the main differences between our sample and 
O'Dea's sample are the following: 

• O'Dea's sample selects higher redshift (and hence higher lu- 
minosity) objects that we do not see in our sample. 

• Our optical hosts are mostly (61%) unresolved, yet > 73% 
of the O'Dea sample show either a second nucleus or indications 
of interactions, distortions and or mergers, although both samples 
have comparable resolution. 

• Four of the eight sources in the overlap region between our 
sample and the O'Dea sample do not satisfy our selection criteria. 
Similarly, other known CSS and GPS sources failed one or more of 
the selection criteria used in this investigation. 

Clearly, an algorithm to select a homogeneous flux limited sam- 
ple is necessary to confirm how these powerful sources fit into the 
overall evolution of radio galaxies. 



6 CONCLUSIONS 

We present an unbiased flux limited sample of 26 CSS and GPS 
objects, consisting of 2 new candidate and 15 known CSS sources 
and 9 known GPS sources. This represents the first step toward a 
thorough and complete catalogue of bright CSS and GPS sources 
in the southern hemisphere. With this sample we can now begin 
to explore in detail the properties of young AGN, by comparison 
of this sample to our faint sample, which will be presented in later 
papers. It is clear, however, that there are many differences between 
the various existing samples of CSS and GPS sources, particularly 
depending on the selection criteria. Given these discrepancies, the 
overall properties of this population remain poorly constrained and 
require more detailed investigation. The selection of these sources 
is challenging, and we propose here an algorithm for selecting these 
populations in large numbers. 

Further investigation could include deeper optical imaging 
for those sources without optical counterparts in SuperCOSMOS, 
spectroscopy to confirm photometric redshifts and obtain redshifts 
for those sources without, as well as studying the 50 poor candi- 
dates cut from our final catalogue. Fractional polarization measure- 
ments would enable comparison with previous CSS and GPS sam- 
ples. Redshift information allows the linear size of the resolved ob- 
jects to be measured, which should be very small for CSS or GPS 
sources, as this is a key feature of these young objects. Redshifts 
are critical for investigating evolution to provide a robust picture 
of how this population fits within the broader context of galaxy and 
AGN evolution. With a complete picture of the bright CSS and GPS 
population in hand, a thorough comparison to fainter such popula- 
tions can then be robustly pursued. 
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SUPPORTING INFORMATION 

An additional table of Supporting Information is available in the 
online version of this article. 

TableU The full version of this table, containing all flux density in- 
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